One of the most important issues in particle physics at present is neutrino masses and lepton generation mixing. Various experiments suggest that the neutrinos have extremely small but non-vanishing masses. Furthermore, the generation mixing for leptons is not suppressed, contrary to that for quarks. The Maki-Nakagawa-Sakata (MNS) matrix for the leptons is very different from the Cabibbo-Kobayashi-Maskawa (CKM) matrix for the quarks. The standard model (SM) must be necessarily extended.
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Within the framework of grand unified theories (GUTs) coupled to supersymmetry, the small neutrino masses are usually explained by introducing right-handed neutrinos with large Majorana masses. This scenario is embodied in the GUT models whose gauge group is SO(10) or a larger one, since the minimal GUT group of SU(5) does not contain a representation for the righthanded neutrinos. However, the CKM matrix and the MNS matrix are generically related to each other in these models. Their observed difference is not trivially understood. Various approaches have been tried to explain the difference [NO1] , though contrived schemes are often invoked. The superpotential is the sum of all renormalizable terms consistent with SU(5) and R parity, W = W M + W H . The couplings of matter superfields to Higgs superfields are contained in W M , which is given by Below the GUT energy scale, the superpotential for the quark and lepton masses within the framework of SU(3)×SU(2)×U(1) is written as
where ǫ stands for the totally antisymmetric tensor of rank two. The superfields for the quarks and leptons are expressed by a self-explanatory notation. The Higgs superfields H 1 and H 2 are composed of the SU(2)-doublet components of 5, 5, 45, and 45. We assume that the masses of 
where λ and m T denote a dimensionless coupling constant and a mass parameter for T , respectively, in the Higgs potential derived from W H . Assuming λ ∼ 1, the value of v T is of the order of 10 −1 eV for m T ∼ 10 14 GeV. The neutrinos can have the masses which are of the correct order of magnitude. The appropriate value for m T is smaller than M X by one or two orders of magnitude.
As the physical parameters for the coefficients η d , η u , η e , and κ, we can take the CKM matrix V CKM , the MNS matrix V MN S , and the diagonalized eigenvalue matrices η
, and κ D . These matrices depend on the energy scale of physics, which are governed by the renormalization group equations. If the matrices at the electroweak energy scale are measured experimentally, those at the GUT energy scale are determined.
The superpotential W at the GUT energy scale can accommodate any values for the CKM and MNS matrices. Any masses for the quarks and leptons can also be realized. For expressing the coefficient matrices, we take the generation basis in which η d and η e are diagonal. The required values for
, and κ D at the GUT energy scale are fulfilled by taking the coefficients for
where C 1 and C 2 denote the unitary matrices which prescribe the structures of H 1 and H 2 . These equations can always be satisfied, since the coefficients Γ ν , Γ de , Γ de , Γ u , and Γ u are independent mutually. The MNS matrix is not constrained by the CKM matrix.
In the minimal SU(5) model, the gauge coupling unification infers too rapid proton decay. However, in the present model, there are additional Higgs superfields which affect the evolutions of the gauge coupling constants around the GUT energy scale. The relation between the decay and the unification becomes relaxed, and the proton life time could be long sufficiently.
